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Introduction
The Beveridge curve describes the negative relation between the unemployment rate and the vacancy rate over the business cycle. This negative relationship is one of the most established stylized facts in macroeconomics (Beveridge 1944) . During booms, vacancy rates are high and unemployment rates are low, while during recessions, vacancy rates go down and unemployment rises. The evolution of the Beveridge curve is traditionally used to distinguish between cyclical and structural shifts in the labor market, allowing an analysis of structural changes within a country and within sectors of the economy. According to Diamond (2013) "an outward shift [of the Beveridge curve] is representing a decline in ability of the labor market to form mutually beneficial matches between workers and firms. " Outward shifts in the Beveridge curve can be a sign that the labor market is undergoing a structural change.
According to Dow and Dicks-Mireaux (1958) , this interpretation supports the following policy implication: however useful aggregate stabilization policies may be while unemployment is very high, they are likely to fail to lower the unemployment rate all the way to the levels that prevailed before the recession, since the labor market is presumed to be structurally less efficient than before in creating successful matches (Diamond andŞahin 2015) .
In many European countries, vacancy rates fell sharply from the beginning of the crisis in 2007. However, while vacancy rates recovered at the start of 2009, the unemployment rates remained high or they kept rising. These facts suggest a shift in the Beveridge curves and are therefore evidence of structural changes in the labor market (see, e.g., Bonthuis et al. (2013) ).
In Austria, the Beveridge curve did not seem to change after 2009, contrary to economies struck harder by the financial crisis such as Greece, Italy, Spain, France, and the Eurozone as a whole (see Bonthuis et al. (2015) ). However, since 2013, a new development can be observed in Austria: rising unemployment rates unaccompanied by changes in vacancy rates. Previous studies concerning the Austrian Beveridge curve were carried out by Christl (1988) and Bonthuis et al. (2013) . The latter looked at the development of the Austrian Beveridge curve after the crisis until 2012, finding no significant shift in this curve.
The goal of this paper is to examine this hypothesized shift in the long-run Beveridge curve in Austria by using an autoregressive distributive lag (ARDL) dynamic-panel specification. In the second step, we examine the Beveridge curves for all economic sectors in Austria. If there is a shift in the overall Beveridge curve, this allows us to determine which economic sectors are responsible for the structural problems. We estimate the shifts within the sectors by using an error-correction model (ECM) to identify the long-run and short-run relations. While the studies by Bonthuis et al. (2013) and Bonthuis et al. (2015) suggest that there was no shift of the Beveridge curve in Austria after the crisis, we show that a statistically significant shift simply took place later than in other European countries (such as Spain, France, and Portugal).
The paper is structured as follows: The next section describes briefly the theoretical foundations of the Beveridge curve. Sections 3 and 4 describe the data and empirical model used. Section 5 examines the significance of the shifts of the Beveridge curves for Austria as a whole and for all economic sectors. Section 6 analyzes the structural factors that contributed to the changes in the Beveridge curves. Section 7 summarizes.
Theory
The basic theoretical foundation of the Beveridge curve is given by a canonical search model. Given a matching function m (v, u) , we define θ ≡ (v/u) as the job market tightness, given by the vacancy-unemployment ratio and p(θ) ≡ (m/u) as the jobfinding rate. The idiosyncratic shocks to matching arrive at Poisson rate λ. Therefore, the unemployment dynamics are given bẏ
which is the difference between the separation flow and the matching flow. In the steady state, the rate of unemployment is given by
which defines the Beveridge curve. A movement along the Beveridge curve occurs if the value of taking on an additional worker relative to the cost of posting vacancy changes. Various events can shift this value, including a change in worker productivity, a change in the bargaining power of workers, a change in aggregate demand, and a change in the employer's operating costs, such as a change to the cost of borrowing (Barlevy 2011 ). On the other hand, a shift in the Beveridge curve can also occur as a result of a change in matching efficiency or due to an exogenous shock to the separation rate.
In this paper, to analyze the development of the Beveridge curves, we use two approaches that are complementary and thus serve us mutual robustness checks. In the first part (Section 5), we explore the dataset without making specific assumptions about the underlying matching process. That is, by using econometric techniques, we simply want to establish whether the observed relationship between the unemployment rates and vacancy rates has changed since 2013. In the second part (Section 6), we assume that the matching process in each sector is given by a Cobb-Douglas function, and given this assumption, we are able to establish whether a shift in a Beveridge curve is caused by a change in separation rates or matching efficiency. The second approach is, however, more restrictive: owing to the strict assumption of Cobb-Douglas matching, the results systematically overestimate the shift of the curves compared with the observables-driven approach. Figure 1 depicts the long-run Beveridge curve for Austria. While the inverse relation between the unemployment rate and the vacancy rate remained stable from 1995 until 2013, there seemed to be a shift after 2013. 1 While the vacancy rate stayed stable, the unemployment rate increased, which could be a sign of increasing structural unemployment.
Data
Unlike (Bonthuis et al. 2015) , who focus on Beveridge curves in European countries based on Labor Force Survey (LFS) data, 2 our study focuses solely on the Austrian labor market. Hence, the national definition based on the number of unemployed registered at the Austrian Public Employment Service (AMS) might better reflect all the changes in the Austrian labor market. 3 An additional argument for the choice of this dataset is that the Fig. 1 The Beveridge curve in Austria data based on national definition are collected on a monthly basis (contrary to quarterly LFS data) and that the number of vacancies is collected by the same authority (AMS), hence based on the same methodology. 4 There are some differences in the unemployment rates stemming from the two definitions. Unemployment according to the national definition is approximately 3 percentage points above the international definition. The main differences in details are as follows:
• Self-employed people and family workers are not included in the AMS definition, while they are included in the LFS statistics. The development of this group of people stayed constant over the investigated period (540,900 in 2008 and 546,500 in 2014 (latest available data) ).
• Contrary to the LFS measure, a person is counted as unemployed in the AMS definition (national) although he or she could be marginally employed (earnings below 416 EUR per month). As the number of marginally employed people has increased significantly in the examined period from 317,018 in 2008 to 371,320 in 2015; this increase can partially explain the difference in the two unemployment rates indicated by the two definitions.
We use monthly data on vacancy rates, unemployment rates, and labor force sizes (expressed as a percentage of the total labor force) from the AMS between January 2008 and June 2015 for NACE08-classified sectors of the economy. Sectoral data are available for the sectors listed in Table 1 . The industry disaggregation of the unemployed is chosen according to the previous employment of the unemployed person.
As indicated in Table 1 , the most important sectors in the Austrian economy are manufacturing (C), wholesale and retail trade (G), and the public administration sector (O), each covering around 15 % of the total labor force. The construction sector (F), the transportation sector (H), accommodation and food service activities (I), administrative and support service activities (N), and human health and social work activities (Q) are smaller but still cover more than 5 % of the total labor force each. Since our unemployment definition is based on the sector of previous employment, we need to make sure that workers changing sectors do not influence the unemploymentvacancy relationship; therefore, the relative size of the labor force in a sector is an important variable to analyze. Figures 9 and 10 in the Appendix show a decrease in the relative labor force size for sectors B, C, D, F, H, and O between 2008 and 2015, while for sectors E, I, J, K, M, N, P, Q, and R it is increasing. Sectors L, S, and T show quite stable development.
Workers that change jobs between sectors might indeed lead to problems in our estimation, even though we control for the relative labor force size. Therefore, we take a closer look at those workers that change the sectors of employment. We use yearly data from the AMS on the movements of the workforce between economic sectors. 5 Table 2 shows that most workers that became unemployed found employment in the same sector. About two-thirds of workers that changed jobs in the sample period were unemployed beforehand, while only one-third has changed form employment to employment in another sector.
In the construction sector, more than 90 % of the unemployed found employment in the same sector. In the retail sector, the proportion is about 75 % and it is close to 80 % in the transportation sector, while almost 90 % stayed in the accommodation and food service sector after becoming unemployed. Importantly, these figures remain stable over the sample period. Only in 2008 and 2009 are the figures slightly lower for those sectors perhaps because the financial crisis hit the Austrian labor market between 2008 and 2009 and led to an increase in the unemployment rate. Whereas, theoretically, workers changing sectors could lead to problems in our estimations of the Beveridge curves in each sector, we can see that especially in those sectors, where we found shifts in the Beveridge curves, sector changes are rare and the proportion of workers that find employment in another sector is stable over time. Therefore, we do not expect any influence on the shifts of the Beveridge curve due to sectoral changes. Still, those changes could indeed explain why we do not find traditional Beveridge curves in some sectors, especially in those that are small and thus sectoral changes more common. 
The empirical model
The basic model is the following ARDL dynamic-panel specification:
where u it is the seasonally adjusted unemployment rate in sector i at time t, v it are the seasonally adjusted vacancy rates, LF it are the seasonally adjusted relative labor force sizes at time t in sector i, and μ i are the sector-specific effects. This specification as proposed by Pesaran et al. (2001) is appropriate when the time series in question are not necessarily of the same order of integration. To analyze the effects of the crisis, we introduce dummy variables for the years after the crisis and in particular since 2013, as starting from this year, a significant change in the relationship between the unemployment rate and vacancy rates was suggested by Fig. 1 . As explained in the previous section, it is possible that workers are searching for a job in another sector. This possibility could lead to problems in the estimation of the Beveridge curve for specific sectors. We show in Section 3 that this is a minor issue as most of the unemployed stay in the same sector; nevertheless, we want to further control for the changes in the relative labor force that could be driving our results. Therefore, we include changes in the relative size of specific industries in the estimation. This control variable will help overcome the problem that might occur due to an increase or decrease of a sector. 6 We can rewrite the above equation as an unrestricted ECM to clearly identify the longrun and short-run relationships within the data. The unrestricted ECM has the form:
Additionally, we estimate the relationships for each sector separately by using the following specification:
and having established a cointegrating relationship, we report the results of the unconditional ECM, in which we analyze the effect of the crisis on the position of the Beveridge curve by using a dummy variable:
For the sectors for which no cointegration relationship is found, we report the results of the regressions of the first differences of the variables of interest.
Beveridge curves
This section shows the results for the Beveridge curve in Austria using a panel ARDL model as well as estimations by economic sector to analyze the shifts in different sectors separately.
Beveridge curve for the whole economy
Before estimating an ARDL model, the stationarity of the time series under investigation has to be tested. Table 3 presents the results of the unit root tests for the whole panel. 7 We observe that both the unemployment rates and the labor force size variables contain a unit root, whereas the V variable is stationary. Firstly, we perform the Bounds test on the results of the fixed-effects regression with White-corrected clustered standard errors, and test the hypothesis of θ 0 = θ 1 = θ 2 = 0 with the F-statistic equal to 3.95, thus suggesting the existence of a long-run relationship. Given this result, we fit the ARDL models and analyze the relationship between unemployment rates and vacancy rates for all sectors of the Austrian economy. We report the results of the dynamic fixed-effects estimations with clustered standard errors, for which both the short-run and the long-run effects, except for the intercept, are assumed to be equal across panels, and with the pooled mean-group estimator of Pesaran et al. (1999) , for which the short-run effects are unconstrained across panels. The lag structure has been chosen on the basis of information criteria. The results are presented in Table 4 . We can see the typical Beveridge curve in the long-run relationship, where the lagged vacancy rate (L.v) is highly significant in both specifications of the model. The coefficient varies between −1.51 and −1.35, thus indicating an inverse relation between unemployment rates and vacancy rates. The lagged labor force size (L.LF) is only significant in the PMG model. The positive relation indicates that a higher relative labor force size increases the unemployment rate.
The focus is on the change in the long-run relationship. The highly significant and positive coefficient of the dummy variable (Crisis) in both specifications indicates a shift in the long-run relationship after 2013.
Beveridge curves for economic sectors
Since the available data comprise a long period (90 observations per panel), the first step of the analysis requires the identification of potential non-stationarity in the data. The results of the tests for unit roots for the variables of interest for each panel are presented in Table 5 . For all panels, at least two of the variables are I(1), and in some cases all three are I(1). Since for some panels we need to consider a mixture of I(1) and I(0) series, the correct approach in this case is the ARDL/Bounds testing model of Pesaran et al. (2001) .
In the second stage of the analysis, we choose the appropriate number of lags by using the information criteria for each differenced variable u t , v t , and LF t . The chosen numbers of lags are given in Table 9 in the Appendix.
After finding the appropriate number of lags, we estimate an unrestricted ECM for each panel and use the ARDL/Bounds test, therefore again testing whether θ 0 = θ 1 = θ 2 = 0 to establish whether a level relationship between the variables can be found. Finally, we report the ECMs for the panels in which a long-run relationship has been found and analyze the effect of the crisis dummy on the position of the Beveridge curve. Table 10 in the Appendix presents the results of the Bounds tests for each panel.
Detailed results of the ECM estimations can be found in Tables 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, and 22 in the Appendix. In Table 6 , we summarize the long-run relationships, crisis variables, and the ECM θ parameters. Furthermore, Tables 6 and 7 contain the elasticities of the unemployment rate with respect to the vacancy rates in each sector where the negative relationship has been found to be significant, evaluated at the means (denoted ξ ).
A significant, negative long-run relationship (θ) can be found in sectors C (manufacturing), D (electricity), E (water supply sector), F (construction), G (wholesale and retail trade), and R (arts, entertainment, and recreation).
Typical Beveridge curve relations (significant coefficients of the lagged vacancy rates L.v) can be seen in sectors C (manufacturing), E (water supply sector), F (construction), G (wholesale and retail trade), H (transportation and storage), and R (arts, entertainment, and recreation). The Beveridge curve coefficients are especially high in C (manufacturing), F (construction), G (wholesale and retail trade), and H (transportation and storage). This finding implies that those sectors are highly sensitive to the business cycle. A less significant coefficient, but also high sensitivity to the business cycle, can be seen in sectors H (transportation and storage) and E (water supply sector). Significant positive shifts of the Beveridge curves can be seen in sectors D (electricity), F (construction), G (wholesale and retail trade), H (transportation and storage), M (professional, scientific, and technical activities), and S (other service activities).
The most significant shifts are measured in the construction sector (F), wholesale and retail trade sector (G), and transportation sector (H). Structural problems, especially in the construction and transportation sectors, occur due to higher competition from firms from Eastern European countries that gain market share in the Austrian market. Still, there is no reduction in the vacancy rate, which would additionally suggest problems in matching.
On the other hand, the wholesale and retail trade sector (G) shows not only a higher rate of unemployment, but also a higher rate of vacancies. Even though this sector is strongly influenced by the fourth industrial revolution, the structural problems seem to originate from a matching problem in the labor market. Some of the reasons are institutional, such as the small difference between minimum wages and unemployment benefits. Minimum wages in the retail and trade sectors compared with other sectors are quite low; therefore, there is little incentive to accept jobs. It is also possible that the increase in structural unemployment occurs from a classical mismatch problem due to over-or underqualification.
For the other sectors of the economy (B, I, J, K, L, N, T, and U) for which no cointegrating vector was found, we report the results of the regression of the first differenced u t and the first differences of v and LF, with appropriate lag structures. The results can be found in Table 7 .
Typical Beveridge curve relations (significant coefficients of the differenced vacancy rates, dv) can be seen in sectors I (accommodation and food service activities), J (information and communication), and N (administrative and support service activities). An especially high sensitivity to the business cycle can be found in the accommodation and food service activities sector (I).
Significant positive shifts of the Beveridge curves can only be observed in sectors I (accommodation and food service activities) and L (real estate activities). In the accommodation sector, although many jobs are taken by foreigners, many vacancies remain open. The most likely explanation is a regional mismatch (especially in tourism) as well as the fact that minimum wages are low in this sector and jobs are not attractive for unemployed workers (working hours, working time).
Structural factors
In this section, we further analyze which factors have contributed to the changes in the Beveridge curves for the relevant sectors of the economy. As mentioned in the Introduction, structural changes can be a result of either decreasing matching efficiency or increasing separation rates. In this section, we establish which of these factors may have contributed to the sectoral changes. We follow the methodology of Elsby et al. (2013) (also used by Arpaia et al. (2014) ) to analyze the development of matching efficiency and separation rates for those sectors of the economy for which the Beveridge curves have shifted. In the first step, we apply the procedure introduced by Shimer (2012) to find the outflow rates of unemployment for each sector. The job-finding rate is calculated based on the AMS data regarding the duration of unemployment by category: (a) less than 3 months; (b) between 3 and 6 months; (c) between 6 and 12 months; and (d) more than 12 months. Secondly, we evaluate the separation rates, based on the steady-state condition derived from Eq. (1) and assuming a Cobb-Douglas matching function.
Under the standard assumption of a Cobb-Douglas functional form for the matching function, that is:
the elasticities of the job-finding rate and of the separation rate with respect to labor market tightness can be estimated from the following equations:
where f t are the job-finding rates, s t are the separation rates, and θ t denotes the job market tightness. Table 8 presents the results of the estimations of the elasticities from a panel regression across all sectors (with sectoral fixed effects) and for each sector separately. The predicted elasticity of the job-finding rate with respect to labor market tightness equals 0.26 for the whole economy and corresponds to the previous estimates of Arpaia et al. (2014) . We observe large heterogeneity across sectors: the public sectors (O, P, and Q) and agriculture (A) almost do not react to the changes in labor market tightness. Real estate (L) and professional services (M) are the most elastic sectors, in terms of both the job-finding rate and the separation rate. Table 8 reveals that the job-finding rates in some sectors react strongly to cyclical changes in the tightness of the job market. This is especially true for the case of construction (F), information and communication (J), and professional services (M). On the other hand, agriculture (A), mining (B), and public services (O, P, and Q) as well as energy and water services (D and E) do not react to changes in the business cycle.
Table 8
Elasticities of the job-finding rate and the separation rate with respect to labor market tightness Following Shimer (2012), we calculate the α parameter of the Cobb-Douglas relationship by using Eq. (11) of Veracierto (2011) , choosing as the calibration values the two months between January 2009 and January 2013 with the highest and lowest values of job market tightness for each sector. Given that, we can calculate the matching efficiency for each sector by using the relationship
This allows us to look more closely at the reasons behind the rise in structural unemployment across specific sectors. The development of the separation rates and matching efficiency (for comparison purposes, both values are normalized so that January 2013 = 1) 8 for each sector are visualized in Figs. 4 and 5. Recalling the results of the previous section, we find a significant shift of the Beveridge curve in sectors D, F, G, H, I, L, M, and S. At the same time, in exactly these sectors, we can observe that not only has the separation rate been increasing from 2013 onwards, but also matching efficiency has been decreasing. Therefore, there is evidence of both higher job separation and lower matching efficiency in the labor market. In sector S, we find an increase in the separation rate, whereas matching efficiency remains unchanged. For sector F, the previous results that suggested a shift in the Beveridge curve cannot be confirmed by a change in the separation rate and matching efficiency, as we only observe a slight increase in the separation rate, while matching efficiency remains stable.
In the other sectors for which we did not find significant shifts in the Beveridge curves after 2013 (C, E, J, K, N, O, P, Q, and R), we still find an upward trend in separation rates and a downward trend in matching efficiency. Taking a closer look at these sectors, we can identify that the separation rate and matching efficiency diverge. The labor market characteristics in these sectors show similar patterns to the abovementioned ones, but the divergence began only after 2014. This in fact could explain why we did not find any significant shifts in the Beveridge curve in these sectors in the previous section. Finally, in the other sectors, we find no clear trends in the separation rates or matching efficiency. This holds true for sector F, as mentioned before, as well as for sectors A, B, and T. In these sectors, we cannot observe any increase in structural unemployment.
By using a Cobb-Douglas matching function and assuming that the labor market converges to the steady state at a constant rate (compare Arpaia et al. (2014) ), we can calculate the vacancy rates that would have been observed if the matching efficiency had not changed after 2013, using the formula
where A has been calibrated to be the average of all periods before January 2013. The resulting vacancy rates are visualized in Figs. 6 and 7 . If the observations after 2012 remain close to the counterfactual Beveridge curves (green points)-the Beveridge curve that would occur if matching efficiency had not changed-this would suggest no shifts in 
where i is the index of the NACE sector, e i is the share of employment in sector i in total employment, vq i is the share of vacancies in sector i in the total number of vacancies, and uq i is the share of unemployment in sector i in total unemployment. The value of the indicator is low if sectors that shed many workers also post many vacancies. If instead the composition of unemployment and that of vacancies is very different (so that sectors with a high share of unemployment have a low share of vacancies and vice versa), the value of the indicator is high, indicating a high degree of mismatch. Additionally, average matching efficiency across sectors, weighted by the share of employment in each sector, is shown in Fig. 8 . Average matching efficiency was stable until 2013 but has been steadily decreasing since. On the contrary, the sectoral mismatch indicator decreased until 2013 and has been increasing since. Sectors with a high share of unemployment have a low share of open vacancies and vice versa. This finding indicates that sectoral mismatch has been increasing since 2013, which implies that changing sectors is becoming more difficult, or at least less common, for workers.
Conclusions
Labor market responses to the 2009 crisis have been quite diverse within the European Union. While in many countries the unemployment rate rose after 2009 (even earlier in those countries most strongly affected by the crisis), the Austrian unemployment rate remained stable for some years thereafter. However, since 2013, the unemployment Fig. 8 Sectoral mismatch indicator (red) and average matching efficiency (blue) over time rate in Austria has been steadily increasing. As many economists have argued, there are some signs that these changes in the labor market are not merely cyclical; there is a risk that structural unemployment has increased. Consequently, Austria is slowly losing its position as one of the European leaders of low unemployment.
The identified structural changes have important policy implications. Cyclical problems in an economy are usually caused by a lack of labor demand and are therefore transitory, but a rise in structural unemployment is typically caused by a mismatch in the labor market and/or job separation and is therefore often persistent. This paper shows that there is a significant shift in the Beveridge curve of the Austrian labor market. While the studies by (Bonthuis et al. 2013) or (Bonthuis et al. 2015) suggested that there was no shift of the Beveridge curve in Austria after the crisis, we show that a statistically significant shift simply took place later than in other European countries (such as Spain, France, and Portugal).
If the unemployment is structural and not cyclical, there is a possibility that unemployment could stay permanently high even when economic recovery takes over. This paper identifies the roots of those shifts in the Beveridge curves. When we estimated the Beveridge curves for different sectors, we found significant outward shifts of the Beveridge curve in 2013 in eight of 21 sectors.
Our analysis shows that the structural problems in the Austrian labor market stem mainly from the four large sectors of the Austrian economy: construction, wholesale, transportation, and accommodation and food service activities. Those sectors not only face new competitors from Eastern European countries (construction and transportation) that gain market share in Austria, but also show a decrease in matching efficiency, which implies a mismatch problem in the labor market. This mismatch might arise not only from qualification problems but also from institutional factors.
Our finding suggests that, especially in these sectors, which cover a vast number of workers, there is a high risk of persistent high unemployment. Additionally, we show that in many other sectors, an increase in structural unemployment is still taking place but simply at a later time.
Our results suggest that in most sectors of the Austrian economy, structural problems are caused not only by higher job separation but also by a decline in matching efficiency. Even though the latter effect seems to be smaller, this finding is especially interesting for policymakers, since a decrease in matching efficiency is something policy changes can oppose more easily than job separation. Therefore, it is important to target labor policies to those sectors of the economy in which a significant structural change has taken place.
Many unemployed workers in Austria are less skilled; therefore, the efficiency of training has to be increased. Additionally, one has to think about alternative ways to overcome the sectoral mismatch, especially for those workers who have problems finding jobs in other sectors. Sectoral reallocation will be an important factor within the next year. For those workers who became unemployed due to the downsizing of their sectors, it is necessary to provide training and upskilling, so that they might change sectors more easily.
The drive-back of the low-pay sector might also be an issue that leads to less job creation, especially for low-skilled workers. Most of the sectors that show a strong and significant shift in the Beveridge curve are typical sectors where less-skilled workers are employed, such as construction or trade. If these sectors are downsized, the only policy tool available may be to improve the skills of the workforce.
Additionally, decreasing matching efficiency could result from high social benefits, especially during the crisis. If unemployment benefits can be kept for a long period, workers might not be willing to accept a new job, especially during a recession when wages are usually lower. If this is the case, structural unemployment might not be persistent. When the recovery starts and wages begin to increase, those workers might return to work; however, there is still a high risk that the long-term unemployed will face problems with the reintegration of labor markets, which might lead to further structural problems. 
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